In BHK21 hamster cells a significant increase in density of intramembranous particles occurs in freeze-fractured plasma membranes after transformation by hamster sarcoma and polyoma viruses.
The freeze-etching technique reveals features of the hydrophobic region of the plasma membrane, since the cleavage plane of fractured membrane lies between the two phospholipid leaflets (1) . Moreover, intramembranous particles (IM particles) seen by this technique are believed to represent intrinsic membrane proteins inserted within the lipid matrix (2) . According to the fluid mosaic model of membrane structure (3) , these proteins can diffuse in the lipid matrix and thus assume a random distribution over the cell surface. On the basis of studies with concanavalin A, it has been reported that membrane proteins of virus-transformed cells are more free to move than those of normal cells (4) , but the validity of this conclusion has been questioned (5) .
In two cell systems, we have been unable to find a significant difference in the distribution of IM particles in normal and transformed cells, even following concanavalin A treatment.
However, quantitative studies in density of IM particles have demonstrated a significant increase in response to viral infection or transformation by some oncogenic viruses of various types.
MATERIALS AND METHODS
Cells. Two classes of cell systems, mammalian and avian, were used.
(1) An asparagine-dependent subclone called C13/8 (6) was derived from the BHK21/13 line of hamster fibroblasts (7) . This clone has retained the biological characters of the original line (7) ; between 5 These transformed clones both have a high tumorigenicity for Syrian hamsters (10) and possess in vitro transformation characters, such as an altered morphology compared to the untransformed cells (more pronounced for the clone HS5, which consists of round or epithelioid refractile cells), growth in agar or in agarose containing sulfated polysaccharides (8) , and increased fixation of ruthenium red (10) .
Control and transformed cells were grown in 250 cm3 plastic Falcon flasks with modified Eagle's medium (7) supplemented with 10% of tryptose phosphate broth (TPB) and 10% calf serum. Tests for mycoplasma contamination of the three clones were negative. No C-type virus production could be detected either by electron microscopy of thin sections of cells or by banding the concentrated culture supernatant in a density gradient after uridine labelling.
(2) Secondary cultures of chick embryo fibroblasts (CEF) were prepared as described earlier (11) (14) .
Using the peroxidase coupling technique to detect concanavalin A fixation on the cell surface, we had previously noted a more heterogeneous distribution of lectin binding sites in some transformed cells (15) . However, in freezefractured membranes, no significant changes in the original random distribution of IM particles could be detected in either clone of BHK21 cells, transformed or untransformed, upon incubation of cells with various doses of concanavalin A ranging from 1 ,ug/ml to 100 jig/ml. Trypsination of cells before concanavalin A fixation also did not affect the random distribution of IM particles. (Table 1) .
Similar counts were obtained from mitotic cells isolated by selective detachment from monolayers and from cells brought to the beginning of G1 phase by a 24 hr asparagine-deprivation or to S phase after the addition of asparagine, which permits synchronization of the cell cycle (16) .
In addition, some variations in the size of the IM particles (ranging from 70 to 120 A) were observed, but they could not be related to transformation, since they were present in both control and transformed cells (compare face A Fig. 1 A similar study was made in chick embryo cells infected with RAVi. Such cells also produced a large number of Ctype particles (verified by examination of ultrathin sections in the electron microscope). There was again a significant increase in one class of particle density, as compared to the control uninfected cells (Table 2) .
DISCUSSION
In both hamster and chick cells investigated a significant increase of intramembranous particles occurs in response to viral transformation and oncornavirus infection.
There is a minor difference in the two systems in the relative partition of particles between A and B faces (see ratio A/B in Tables 1 and 2 ). In hamster cells, the increase concerns mainly the face A, whereas in chick cells it is evenly distributed in both faces. Possibly the cleavage plane may not be at the same level in avian and mammalian cells. In contrast to the results of Scott et al. (17) , we were unable to find in our hamster cells a variation in the density of IM particles either in early G1 and S phases or in mitotic cells. This difference may be attributed to the different cell systems used by these authors. Similarly we could not observe in confluent BHK21 cells or chick embryo fibroblasts reaggregation of IM particles, such as described by Barnett et al. (18) in 3T3 contact-inhibited cells.
Two main interpretations can be given for the observed increase: either the increase in particles is related to virus-induced transformation or it is related only to virus production.
The results obtained in avian cells, if taken separately, would suggest that the phenomenon is related to C-type virus production rather than to transformation. In cells transformed by the temperature-sensitive mutant of RSV, the reversion to the fibroblastic phenotype at nonpermissive temperature is not accompanied by a decrease in the particle density, while the production of virus is not affected. Similarly, RAV-infected cells, which are not transformed, demonstrate an increase in particles density to a similar extent. However, this hypothesis does not fit with results obtained for hamster cells. In neither of the transformed clones studied could C-type virus production be detected. Moreover, there was no difference in the physiological state of the cells that could account for the increase in particle density as compared to the control BHK21 cells. When the cells were synchronized, no variation in particle density with the cell cycle was observed.
We, therefore, favor the hypothesis that the increase of IM particles density is related to the oncogenic action of viruses; thus, it may be that the insertion of new proteins in the hydrophobic portion of plasma membrane is the primary change induced by these viruses.
It is possible that numerous changes described in the carbohydrate moiety of glycoproteins and glycolipids of the cell surface (19, 20) are caused by a defect in the association of these components to the hydrophobic portion of IM particles within the membrane, that is, that portion modified by the virus. Similarly, morphologic alterations seen in transformed cells, such as loss of fibroblastic shape, may be due to a disturbed binding of the cytoskeleton components to some of the IM particles.
In order to account for the fact that the reversion of the transformed phenotype at 410 of Ful9-infected cells is not accompanied by a decrease in density of IM particles, we may consider the hypothesis that the particles newly incorporated in the plasma membrane contain some virus-coded polypeptides which, despite their thermosensitivity, remain there, but no longer affect other membrane components at high temperature.
A similar supposition may also explain the results obtained with RAV-infected cells. RAV-induced particles may differ from RSV-induced particles in such a way that they are not fully operational in fibroblastic cells, although they can cause transformation of lymphoid cells.
The observation described here may be a general phenomenon in virus-transformed cells. We have recently noted a similar increase of IM particles in plasma membrane of mouse K-Balb/c cells, a line of 3T3 cells transformed by the Kirsten strain of mouse sarcoma virus (21) , as compared to untransformed 3T3 cells.
